Introduction
For several decades there has been an increasing interest in the vertical organization of government in developed and developing countries. The main question asked is whether it is advantageous to give sub-national governments more authority and autonomy in revenue and expenditure decisions, or whether it is better to make those decisions at the central level of government. Many scholars and policy makers have sought to understand the consequences of fiscal decentralization.
2 Far less effort, however, has gone into discerning the causes of fiscal decentralization. Variation in the degree to which countries have devolved fiscal resources and expenditure responsibilities to local and regional governments presents researchers with a puzzle. Some authors such as Treisman (2006) , Arzaghi and Henderson (2002) , Panizza (1999) , Oates (1972) , among others, have proposed plausible models for the determinants of fiscal decentralization. The origins of fiscal federalism, they argue, are the outcome of a myriad assortment of factors: history, culture, politics, and even physical geography.
There is also a long empirical literature examining the determinants of fiscal decentralization across countries and over time such as Bahl and Linn (1992) , Wasylenko (1987) , Panizza (1999) , and Letelier (2005) among others.
Considering the role of geography more specifically as a determinant of decentralization, papers by Panizza (1999) and Arzaghi and Henderson (2005) examine theoretically and empirically the effects of country size on fiscal decentralization, while others such as Letelier (2005) and Treisman (2006) test empirically the same relationship. However, there is no study that has examined in depth the role that geography can play on fiscal decentralization. Currently, we still have limited knowledge on the modeling of geography in the theory of decentralization and what empirical role geography actually plays.
Understanding the determinants of fiscal decentralization has become increasingly important for many areas of economic research. Given the pervasiveness of decentralized institutions and decision making in many areas of economic policy including economic growth, income redistribution, poverty and welfare, anticorruption, and others, it has become a necessity in empirical studies to control for the role and impact of fiscal decentralization on those policy initiatives. A common problem shared by all those empirical studies has been the inability to properly address the potential for endogeneity of decentralization and the dependent variables of interest (e.g., economic growth, etc.). Generally speaking there has been a lack a proper external instrument when assessing the relationship between decentralization and economic outcomes. Often, remedies for the endogenous nature of fiscal decentralization have been sought in the use of new econometric techniques such as difference or system dynamic panel estimation, while there has been very limited use of valid external instruments. Geography has clear exogeneity credentials, since economic outcomes do not cause geography. 3 However, it needs to be recognized that the use of geography as an instrument for decentralization is limited by the type of estimation approach being used; what makes geography a good external instrument--that is fixed by nature--, largely rules out its use in certain econometric approaches such as panel estimation using fixed effects.
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The main objective of this paper is to motivate theoretically the role of geography, and explore in depth its empirical relevance as a determinant of decentralization. The theoretical model in the paper builds on the work by Arzaghi and Henderson (2002) and Panizza (1999) . For the empirical estimation we use a panel data set for approximately 91 countries for the period Even if the economy may affect the access to markets and urban centers, especially in rich countries, economic outcomes cannot affect directly geographical factors such as elevation or climate among others. 4 Note that by interacting geography and infrastructure development it is possible to construct a new variable that is time variant but then this new variable cannot be claimed to be truly exogenous.
2005. Physical geography is measured along several dimensions including elevation, land area, and climate.
The relationship between decentralization and geography is based on the logic that more geographically diverse countries tend to show greater heterogeneity among their citizens, including their preferences and needs for public goods and services provision. Communications and physical distance are also important factors and play a key role on the effect of geography over time. As Lora et al. (2003) argue, geography plays a fundamental role on the economic and social development as well as the institutional design of countries; yet, this effect could be enhanced (or diminished) in the presence of better physical infrastructure or communications. Indeed, in this paper we find that there is a strong correlation between geographical factors and fiscal decentralization. We also find that while the development of infrastructure (in transportation, communications, etc.) tends to reduce the effect of geography on decentralization, this effect is rather small and often statistically insignificant, meaning that the raw impact of geography appears to survive over time.
The reminder of the paper is organized as follows. Section 2 briefly reviews the literature on the main determinants of decentralization and describes the main intuition and arguments for the relationship between decentralization and geography. Section 3 develops the theoretical model and discusses the main hypothesis. Section 4 presents the data used and the empirical estimation. Section 5 discusses the results and the robustness of the estimations. Finally, Section 6 concludes.
Literature Review
The literature on fiscal decentralization is very large and growing at a fast pace. Without trying to be exhaustive our interest in this review is focused on two main issues. First, we examine how the existing theoretical models explaining decentralization (Oates, 1972; Panizza, 1999; and Arzaghi and Henderson, 2005) Crosby (1986) details the advantages of the temperate zones in climate, disease ecology, and agricultural productivity and its effects on the organization of governments.
In the work on geography by Krugman and Venables (1995) , the "new geography" follows the "new trade theory" in showing how increasing returns to scale, agglomeration economies, transport costs, and product differentiation can lead to a highly differentiated spatial organization of economic activity, the creation of stable institutions and governments, even when the underlying physical geography is not fully undifferentiated. These models illustrate the possibility of "selforganizing" spatial patterns of production based on agglomeration effects, rather than on differences in climate, transport costs, ecology, etc.
Our starting point is that highly differentiated physical geography can have large effect on economic and institutional development. For example, a pattern of cities might originally emerge because of cost advantages arising from differentiated geography, and therefore the advantages of having a decentralized system would be justified on the arguments of the decentralization theorem (Oates (1972) ). However, these cities then continue to thrive as a result of agglomeration economies even when the cost advantages have disappeared. Oates (1972) argues that economic efficiency can be enhanced across population groups with different preferences and needs through decentralization. We borrow this argument to argue that geographical factors can follow this logic as well. Preferences for public goods and services are likely to vary across geographically differentiated regions. If this is so, greater utility will result if different baskets of public goods and services are provided to different, homogeneous sub regions. For example, if education policy is made at the regional rather than the central level, then local residents can set syllabi and levels of education financing in their home regions to best suit their tastes.
In addition, greater efficiency in public service provision can be achieved through the mobility and sorting of the population in decentralized governments (Tiebout, 1956 ). On the face of it, any decentralized expenditure scheme could also be implemented by a centralized government, so the efficiency argument requires some additional assumption. A common one is that local governments are either more efficient at collecting information about tastes or better able to get local constituents to reveal such information (Tanzi, 2000; Loockwood, 2002 and Coate, 2003) . Other authors argue that accountability plays a key role since decentralization may be the best way to create incentives for politicians to differentiate adequately between the needs of different groups of their citizens and therefore optimize the provision of public goods (Seabright, 1996) . Politicians would be willing to modify their objectives to satisfy preferences of their incumbents at local level, since that would help them in re-elections.
The examination of the determinants of decentralization can be split between theoretical and empirical evidence. On the theoretical side, beyond Oates (1972) classical paper presenting the decentralization theorem, important more recent contributions are those by Panizza (1999) and Arzaghi and Henderson (2005) . Panizza (1999) bases his analysis on the fact that if the magnitude of welfare gains has any explanatory power, then we would observe a greater role for sub-national government in countries with greater cultural heterogeneity (provided that the variance in tastes is larger between jurisdictions than within them). This prediction is reinforced by, but by no means wholly dependent on, a population with a high degree of mobility. He links the size of the public sector to taxpayers' satisfaction with the type of public goods provided. Thus, a budget-maximizing central government faces a trade-off between its share in the public sector and the total size of the public sector. A gain in the total size of the public sector can result from mobility making the public goods provided closer to the preferences of the individual (in terms of physical and social distance) , thus making them demand more of the public good whose type better matches their preferences. Moreover, with an increasing level of democracy, governments are dependent on the residents' satisfaction with public goods. His model suggests that the equilibrium level of decentralization should be positively correlated with the heterogeneity of tastes for public goods among residents with the level of democracy and with country size. In particular, Panizza (1999) argues that the size of a country has a close relation with the level of heterogeneity of preferences and therefore an increase in the size of the country will decrease the the marginal benefits from centralization. It is easy to extend Panizza's argument about country size to other components of geography even though Panizza (1999) did not consider them. Arzaghi and Henderson (2005) model the creation of sub-national governments (under restricted mobility) as being determined by balancing the fixed costs of sub-national administration with the "spatial decay" of goods provided from the center. For a benevolent government, their model predicts that adoption of decentralized structures is promoted by (1) larger income, (2) larger population, (3) higher spatial decay of local public services provided to the hinterland by the central government, (4) higher relative income in the hinterland region, (5) larger population share of the hinterland, and (6) lower fixed costs of government for the hinterland region. For a partially
Leviathan government, their model has the same predictions as those above for a benevolent government; in addition, the adoption of decentralized structures is promoted by there being a greater relative degree of local democratic culture when compared to the national level. In other words, sub-national governments are thought to be more responsive to the local constituencies than the central government. Even though Arzaghi and Henderson (2005) do not explicitly model the role of geography again it is quite intuitive that spatial decay in the provision of public goods can be related to intensity of physical geography.
Empirically, the causes of decentralization have received a lot more attention. In some of the earliest work, Pryor (1967), Oates (1972) , and Pommerehne (1977) tested some basic hypotheses on the determinants of fiscal decentralization. The factors associated with geography, such as the population size of the country, as a whole appear to be significant and positively related to fiscal decentralization. In a later study, Kee (1977) measures the impact of urbanization and other variables on fiscal decentralization. The urbanization variable, which Kee claims is used as a geographical control, appears to be positively related to fiscal decentralization. In addition, Wasylenko (1987) (Gallup and Sachs, 1998) . The composition of economic activity can differ widely among ecozones; for example, crops, mineral deposits, or proximity to the ocean are in general different from one zone to the other. 6 These factors, through different channels such as access to markets, have a direct impact on the value of exploiting or not some resources such as gas or minerals or on land use patterns. In summary, geographical fragmentation is a dimension of social diversity and as such can play a pivotal role in the 5 Triesman (2006) argues that although the relationship between country size and fiscal decentralization emerges strongly from the data, we do not have a compelling theory to explain why this should be the case. He points out that most theoretical analysis of this question has been normative and showing that in larger countries greater fiscal decentralization is likely to be more efficient. But since decisions to decentralize result from bargaining between selfinterested central and local politicians (and their constituencies), it is not clear why efficiency argument would tend to win the day. 6 Mellinger et. al. (2000 and Sachs (1998) find compelling evidence that different ecozones lead to different economic structures. For example, the density of economic activity measured as GDP per km2 is high in lower altitude and temperate ecozones and in regions proximate to the sea (within 100 km of the ocean or a sea-navigable waterway).
organization of politics and the economy. In the following two sections we make the theoretical and empirical arguments for how geographical fragmentation becomes an important determinant of decentralization.
Theoretical Framework
Our model builds on Arzaghi and Henderson (2002) in combination with some features from Panizza (1999) with the goal of explicitly including geographical fragmentation in the theoretical decentralization framework. Our aim is to add to our understanding why countries may adopt a decentralized versus a centralized system of finance. We assume that people have similar preferences, however they differ in their tastes for public goods; this assumption is plausible if we think that preferences for public goods can differ along the territory. Education is an example of publicly provided services which may exhibit differences on preferences across regions; some regions may prefer schooling to be provided in a different language, or in a bilingual way, while others may prefer keeping a single most common language. As another example, the organization of health services in congested urban areas may not fit the needs of sparsely populated rural areas, calling for differences in the provision of public services in different areas.
For simplification, based on Fujita, Krugman and Venables (1999) and Panizza (1999) , we argue that preferences are directly affected through differences in geography (geographical fragmentation), and social-cultural factors (such as ethnic fractionalization). While these two factors are related, they differ in a subtle way; ethnic fractionalization will affect the preferences directly through taste differences, while geographical fragmentation will not only affect tastes but also will affect the provision of public goods because geographical fragmentation works as a spatial decay factor for centrally provided public goods. Thus, geographical differences are expected to have an effect on both preferences and access to public service provision. But, in addition, in line with Gallup and Sachs(1998) and Fujita and Mori (2005) , we also claim that geographical disparities should bring differences in needs brought about by the environment as well as the economic costs of provision.
Let us assume that the public sector has the main function of providing a fully congestible public good, with per capita consumption of g , and that the regions operate under two possible "states,"
state 1 when the regions operate within a centralized system, and state 2 when the regions operate within a decentralized system. 7 We also assume that the population for the country is given by the sum of populations of all the different regions
and that national income is given byY which is the sum of incomes y i in the regions
As in Arzaghi and Henderson (2002) , we assume a representative agent whose preferences are represented by a simple Cobb-Douglas utility function of the type:
where x is the private good and g the public good. We assume that
, and that public goods are financed with a proportional tax on income at a rate i t . Consequently,
, and the utility function becomes:
Under a centralized system (state 1), the costs of maintaining the government is fixed and set 7 For simplification we abstain from including other factors that typically affect the operation of fiscally decentralized system such as expenditure needs, fiscal capacity or borrowing constraints.
at F and using the price of public goods as a numeraire, then the budget constraint is given by:
This budget constraint can be rewritten as:
Additionally we assume that a dollar spent on the public good will not necessarily provide a dollar of public good services due to the existence of a spatial decay process represented by the
. That is, we assume that the spatial decay component, , is composed of two parts, one that captures straight geographical fragmentation,  , and the other that captures differences in tastes  . The relation between geographical fragmentation and spatial decay should be necessarily positive, as highly fragmented countries will not only have more difficulties in the regular provision of public goods but also will generally have more ethnically or culturally fragmented population. Thus, we would expect a positive relation between geographical fragmentation and spatial decay,
. On the preferences side,  , a more ethnically fragmented country is assumed to lead to higher spatial decay, as less homogenous body of voters will have a wider spectrum of demands when it comes to desired package of public goods.
Therefore, the utility of the representative individual in state 1 (centralized system) would be given by:
Then, we calculate the value of g that maximizes the utilities under a centralized system. The maximization problem results in:
and the utility is:
From this equation, it is possible to derive the following proposition in relation with geographical complexity.
The utility in a centralized system is decreasing in income per capita
, and the level of geographical fragmentation
The interpretation is straightforward. Higher geographical complexity is associated with faster spatial decay and therefore lower utility under a centralized system pointing to the conclusion that more geographically fragmented countries will tend to have higher levels of fiscal decentralization. To see this let us next develop the theoretical framework under fiscal decentralization.
Under a decentralized system (state 2) each region operates autonomously and the costs of running a government ( i F ) are fixed but potentially different for each region, the levels of public good provided in each region, i g , may vary, and no spatial decay component is assumed to be present . Under these conditions the budget constraint is in each region given by:
and the tax rate is given by,
Given these conditions, the utility of the representative individual in each region in state 2 will be:
, which when maximized with respect to i g results in
We now can examine the decentralization process in a decision framework evaluating the costs and benefits from operating within a centralized versus a decentralized structure. A region will push for decentralization as long as the utility under state 2 (decentralized system) is larger than the utility obtained in state 1 (centralized). In other words, the centralized system will prevail as long as:
A second proposition arises from the above equation:
The higher the level of geographical complexity  and ethnic diversity  , the higher de relative gain from moving to a decentralized system of public good provision.
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One final point relates to how infrastructure development may affect the role of geography.
As argued by Lora et. al. (2003) , the role that geography plays in the economic-social development and the institutional design of countries may be enhanced (or diminished) in the presence of better physical infrastructure or communications. To allow for these effects in our theoretical framework we let the index of geographical fragmentation to depend on the level of infrastructure development,
, where p=infrastructure and where we assume that
Data and Methods
In this section we re-visit, empirically, the explanatory power of the different factors that may be affecting the decentralization process with an especial emphasis on our measures of geographical fragmentation. To conduct this analysis, we have put together an unbalanced panel dataset for 91 countries for the period 1960-2007. Due to missing observations on some variables, the sample size actually varies across estimations. We averaged the values for 5 year periods in order to smooth the data over the macro-economic cycle and also to allow us to focus on the long run effects. Next, we discuss the variables and the empirical strategy we used in our estimations.
As discussed by Panizza (1999) and Oates (1972) , among many others, the main problem when empirically examining decentralization is finding a method to quantify the activity of local governments that results from autonomous decision making in expenditure decisions and revenues raising through own taxes. In practice the data available do not allow us to measure true levels of autonomy, especially at the cross country level. In the estimations we use the typical measures of 8 Given our focus on the role of geography we do not focus in several other implications from the equation. However it is easy to see that decentralization would be enhanced by income growth (Y), population growth (L), or the costs of having a centralized system (F). fiscal decentralization (following Pryor (1968) , Oates (1972) , Panizza (1999) , Martinez-Vazquez and Timofeev (2009) among many others). We define decentralization ratios as the percentage of revenues and expenditures of the sub national governments with respect to the total revenues and expenditures of the public sector from 1960 to 2007. 9 We incorporate other determinants of fiscal decentralization that have been found consistently in the previous literature to play a significant role. Several studies have examined the main determinants of fiscal decentralization, using a fairly consistent set of variables. One of the commonly used variable is a proxy for the level of development. Decentralization may itself be 'a superior good, the demand for which is likely to grow with per capita income' (Bahl and Linn, 1992) .
As people become richer, more educated, and more urbanized, they may have more time and a greater motivation to participate in making local political decisions. They may also become more skilled at organizing to pressure the central government to devolve authority and fiscal resources.
Also, increases in development may induce a shift in tastes towards public goods and services that are most efficiently provided locally. Bahl and Nath (1986) , Letelier (2005) , Timofeev (2009) and Freikman (2005) find a positive relation between economic development and fiscal decentralization. However, this result is not conclusive, Oates (1972) find a negative relation between economic development and fiscal decentralization and Panizza (1999) , finds that the effect differs when outliers are excluded from the analysis. This calls for the inclusion of proxies for economic development in our analysis; therefore we include GDP per capita and infant mortality in the controls.
As Alesina and Spalaore (1997) , along with Triesman (2006) and Martinez-Vazquez and 9 The most commonly used source for measuring fiscal decentralization is the Government Financial Statistics publication by the International Monetary Fund. It should be noted that as Letelier (2005) argues, while there are some missing values on the Fiscal Decentralization information from GFS, there is no evidence of a systematic measurement error across countries. Therefore, regression results should not be affected as long as the sample is large enough, which is our case.
Timofeev (2009) argue, institutional variables play a key role in the design of the state; thus some empirical studies of the determinants of decentralization also include the extent of democracy as control variables but results tend to be ambiguous. We include controls such as a political rights and the level of corruption in the analysis in order to control for institutional support of the state. Some studies have suggested that there is a natural affinity between political rights and decentralization; political participation at the local level might educate citizens in democratic practices and lead them to push for higher levels of political rights. At the same time, strong local governments might serve as a check on abusive central authorities and would push for better social controls. In this sense, less corrupt countries would push for stronger local governments, implying higher levels of fiscal decentralization. For example, across Eastern Europe, the collapse of regimes in which power was centralized in the communist party prompted a strong demand for autonomous local selfgovernment (World Bank, 2001).
As presented in the theoretical framework, preferences play a key role on any decentralization process. Panizza (1999) , Letelier (2005) and Martinez-Vazquez and Timofeev (2009) argue that ethnic fractionalization may capture differences in preferences of individuals, which is basically an economic efficiency argument since tastes for public goods and services are likely to vary across ethnic groups. Treisman (2006) states an additional argument towards the inclusion of ethnic variables based on practical politics. He argues that where ethnic divisions are politicized (and ethnic groups are territorially compact), decentralizing authority over such contentious policy issues as education and culture may help to restrain communal violence or even prevent civil war. To be credible, policy decentralization must have some fiscal component. Thus, to preserve stability, central elites in more ethnically divided societies may choose a higher level of fiscal decentralization.
Of course, they also may not. Central leaders may care more about other goals-retaining fiscal resources at the center, for instance-than about avoiding communal violence. We employ an ethno -linguistic fractionalization index from the Department of Geodesy and Cartography of the State Geological Committee of the Soviet Union, originally published in the Atlas Narodov Mira (1964) and then reported by Taylor and Hudson (1972) . This measure has been used previously in similar studies such as Panizza (1999) , Letelier (2005) and Martinez-Vazquez and Timofeev (2009).
In sum, in addition to geographical diversity as discussed below, we employ the following set of control variables: GDP per capita, infant mortality, several institutional variables such as corruption index and democracy, and ethnic fractionalization. .
Measuring the role of geography
In order to control for the role of geography we considered a variety of measures. Following the empirical approaches from the economic geography literature in Sachs (2000) and Krugman (1995) , and, and from the fiscal decentralization literature in Treisman (2006) and Martinez-Vazquez and Timofeev (2009), we test the effect of country size (area.) 10 The expected relationship behind the inclusion of this variable is that preferences and access to markets may be more difficult in larger countries leading to higher decentralization levels. In a similar vein we control for the role of "insularity" using the distance to nearest port variable. As Gallup and Sachs (1999) argue, landlocked countries show lower levels of development and resemble weaker institutions. This factor could lead to expect a negative correlation between distance to ports and our fiscal decentralization variables.
As Gallup and Sachs (1999) , Lora et al. (2003) and Mellinger et al. (2000) show, land elevation and ecozones differences are geographical factors that directly affect preferences and countries' institutional design. A highly geographically diverse country would be expected to have different public good provision needs due to the environment; these needs are likely to be reflected 10 Given that there is a correlation between the geographical variables and the area variable we regress the geographical variables on area and use the residuals of these in the regressions.
in difference in preferences. At the same time a geographically fragmented country will have problems with implementing access and provision of public goods for its citizens, thus affecting the institutional design of the public sector. In this sense, we use the distribution of population per elevation, and the distribution of climate area to control for in-country geographical asymmetries.
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The geographical diversity of countries leads to different degrees of geographical fragmentation, which are reflected in a variety of ways, such as patterns of population settlements.
In order to capture synthetically these differences in geographic diversity, we construct a geographical fragmentation index. The essence of the index is provided by the weighted probability that two individuals taken at random do not live in similar altitude zones, with the weight matrix calculated as the average distance between altitudes. Thus the index is simply calculated as , where is the share of population by elevation and w ij measures the distance between altitude i and altitude j. This measure goes from zero, which corresponds to a case where all the population is settled in the same altitude zone, to one which corresponds to the implausible case where each individual lives in different altitudes. In general, geographical fragmentation will increase with the number of altitude-zones and the more equal weights for each group. 12 It can also be the case that geographical fragmentation is enhanced with country size, and to allow for that we interact the geographical fragmentation index with country land area. Figure 1 shows the geographical fragmentation index ranked from countries that are less fragmented (i.e. Belarus, Paraguay) to countries that show high levels of geographical fragmentation (i.e. Colombia, China). The results that our geographical fragmentation index produces go in line with the ones found by Lora et al.
(1993) for Latin America.
11 This is based on the Koppen-Geiger temperature index. These data were kindly provided by CIESIN at Columbia University. 12 The methodology applied for the index is similar to the one applied by Lora et. al. (2003) for geography, and Hudson (1972) for population. In addition to the geographical fragmentation index, and in order to get more robust results, we construct Gini distribution indexes for in-country elevation and climate. A lower Gini index would show that the country is more geographically homogenous in the sense that all areas tend to have more similar climate zones or elevations. We also estimate the variation (standard deviation) of the in-country elevation; for example, higher variance on elevation would indicate that the country has a more non-homogenous topography.
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In sum, and according to predictions of our theoretical framework, countries with higher geographical fragmentation would have more diverse preferences for public goods and therefore be more decentralized in comparison to countries with more homogeneous preferences. Hence, we would expect a positive correlation between the geographical fragmentation index (where higher 13 We also considered several other variables related to geography. For example, we tested for the role of "insularity" using the distance to nearest port variable. However, this and other potential variables proved to be not significant and where not included in the final regressions. Geographical Fragmentation Index values represent higher geographical fragmentation) and our fiscal decentralization measures. In addition, from the theoretical framework we would expect bigger countries to have higher levels of decentralization.
Empirical Approach
For the empirical methodology we use first, straight forward pooled OLS estimation as in Oates (1972) and Panizza (1999) , and second, panel data estimation, as in Arzaghi and Henderson (2002) , Triesman (1998) and Letelier (2005) on an unbalanced panel. We recognize that OLS regressions can have various flaws; however we present them in order to be able to compare our results with those in previous work. In the estimation, we also allow for the potential endogeneity of GDP used as a control variable due to the possibility of some "contagion" effect of this variable that could lead to bias on the coefficients of the other variables. 14 Not considering this problem, would result in inconsistent parameters. Therefore, we employ the Hausman-Taylor procedure. 15 This estimator is an IV estimator that additionally enables the coefficients of time-invariant regressors to be estimated; given the data availability and the nature-time invariant--of our geographical fragmentation index, the Hausman-Taylor procedure is a good alternative to estimate the model. It does so by making the assumption that some regressors are uncorrelated with the fixed effect, which is a plausible for the geographical fragmentation index.
We begin with the following empirical specification
14 See, for example, Martinez-Vazquez and McNab (2007) . 15 The Hausman-Taylor procedure helps correct for endogeneity when fixed effects are present. This methodology is particularly useful when it's not possible to find a good instrumental variable and one needs to study the effect of timeinvariant variables. 16 This is substantially the estimating equation used in Panizza (1999) , Arzaghi and Henderson (2005) , and others.
Where FD it represents the fiscal decentralization measures (revenues and expenditures) as defined in the previous section, X it is the set of control variables described before, Z i the set of country specific variables including the geographical factors.
Results
In this section we discuss first our main results for the role of geography in fiscal decentralization; next we explore how these results are modified when we allow for infrastructure development to interact with geography; and finally we perform several robustness tests for our findings.
Primary Results
This section presents in table 1 the results from the OLS and panel Hausman-Taylor estimations. As discussed in the previous sections, we use subnational expenditure as a percentage of total expenditure and subnational revenue as a percentage of total revenue as dependent variables, and examine the effect of the log of GDP per capita, infant mortality index, index of ethnic fractionalization, indexes of rule of law and corruption, the log of area and our constructed indexes of geographical fragmentation.
Regarding our variables of interest related to geography, as the theoretical framework predicted we find positive effects for the most part. As found in the previous literature, larger countries (proxied by area size), tend to be more fiscally decentralized. This result is strong and unambiguously positive across all specifications, whether fiscal decentralization is measured by a subnational expenditure or revenue share, and the estimated coefficients do not change significantly when using different econometric methodologies. In fact the size of the effect does not differ by much suggesting that while larger countries tend to decentralize more, there are no significant differences between revenue and expenditure decentralization. Regarding our insularity measure, we find, for the most part, that distance to the port is significant and negatively correlated with our measures of fiscal decentralization (especially our expenditure measure). This finding goes in line with the argument posited by Gallup and Sachs (1999) who relate insularity with growth and institutions and find a negative correlation.
Our constructed index of geographical fragmentation presents a positive and significant effect, especially when looking at the sub-national expenditure measure. As the probability of randomly picking two individuals belonging to the same geographical region increases, so does the sub national expenditure decentralization measure. Columns (1), (5) and (9) from table 6 show that this effect is consistent across different empirical methodologies. Even though the effect is slightly reduced in size and significance when controlling for the GDP's endogeneity, it still remains significant. The results for the sub national revenue measure are not as strong as the ones found for expenditure decentralization; this result may partly reflect the fact that heterogeneity of preferences for taxation is usually less than for expenditures. The interaction between our geographical fragmentation index and the size of the country are more significant than the variables constructed using the index alone, yet smaller in size. These results as a whole confirm the importance of geography when examining the determinants of the extent of fiscal decentralization. The results for the other control variable are largely in line with those found in the previous literature. As was found in a good number of previous papers (Wheare, 1953; Bahl and Linn, 1992; Panizza, 1999; Arzaghi and Henderson, 2005; Triesman, 2006; Martinez-Vazquez and Timofeev, 2009 ), and as predicted by our theoretical framework, the positive sign of the log of GDP per capita shows that countries with higher levels of income tend to be more decentralized. However, the results vary across specifications and the changes tend to be quite dramatic. Contrary to Oates (1972) and Bahl and Linn (1992) in the simple OLS model, we do not find a significant relation between GDP and our fiscal decentralization measures. Though, we do find a stronger and significant relation of GDP with our expenditure decentralization measure when we impose a panel structure and correct for the potential endogeneity. The estimated relationship with revenue decentralization is weaker and slightly less significant for most of our specifications. Our infant mortality variable, a proxy for the level of development, does not show significant results. We do not find significant effects of the political rights measure (for either measure of decentralization--expenditure and revenue), while we do find a weak negative effect for the corruption variable, indicating that less corrupt countries (with better institutions) tend to have higher levels of fiscal decentralization.
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The positive results of the ethnic fractionalization variable are in line with the findings of Panizza (1999) , Letelier (2005) and, to a less extent, Treisman (2006) . Higher levels of fractionalization (measured by ethno-linguistic fractionalization) lead to higher levels of fiscal decentralization. However, this effect holds only for the expenditure measure of decentralization and is stronger when controlling for the potential endogeneity of the GDP. A plausible interpretation of this result is that greater ethnic diversity would be reflected on different 17 We also estimated the models excluding the political rights variables and the results did not change significantly.
expenditure needs of the people, and therefore this would affect the degree of sub-national expenditure decentralization measure in a more significant way vis-à-vis revenue decentralization.
Testing the effect of infrastructure
As discussed above, we may expect the effect of geography on fiscal decentralization to be attenuated by improvements in physical infrastructure as time and physical "distances" are reduced.
We aim to capturing these effects through the inclusion of variables measuring the level of development of physical infrastructure interacted with the geographical fragmentation index. A priori, one would expect the sign of the coefficient for geographical fragmentation index to be positive (and significant), while the interaction between the infrastructure variables and the index to be negative (and significant). The level of infrastructure development is approximated for each country by three variables: the percentage of paved roads (RPV), the log of total kilometers of roads (RTKM) and log of length of rail tracks (TRAK). Table 2 presents the estimation results of the effect geographical fragmentation and land area interacted with the three indexes of infrastructure development.18 The results show that to some extent better infrastructure reduces the effect of geography on fiscal decentralization. However, this only holds for the log of kilometers of paved roads and the log of kilometers of rail tracks in the country. Once we are controlling for size of the country, the negative and slightly significant sign of the interaction term of length of roads and the geographical fragmentation index appears to offer support to the hypothesis that higher levels of infrastructure development should reduce the effect of geography on decentralization. However, because the coefficients that we find, when significant, are very small in size-and often they not significant--, we can conclude that while infrastructure plays some role on reducing the impact of
18 Tables 4 and 5 show the full results with all other variables.
geography on fiscal decentralization, overall this counterbalancing effect leaves the role of geography largely unchanged. Columns (1) and (2) Higher standard deviation of the distribution of population by elevation is positively, correlated with higher levels of fiscal decentralization confirming our hypothesis. While the standard deviation of elevation is a simple measure of dispersion and can be subject to criticism, and our geographical fragmentation index could be criticize for being too complex; we construct a more common measure of dispersion for elevation which is a Gini coefficient. This Gini coefficient measures the distribution of the elevation weighted by the share of population. Due to the characteristics of our data, higher levels of our Gini coefficient would imply that the country is geographically heterogeneous, and lower levels of the Gini coefficient would mean lower levels of geographical fragmentation. The results of the Gini coefficient confirm our hypothesis; higher levels of our Gini-elevation index are positively correlated with higher fiscal decentralization, measure both on the expenditure and revenue side, being the first one more significant than the later one. Similar correlation is showed with the Gini-Climate indicator, however the effect is not significant. . In sum, table 3 shows that the results for the relation between geography and fiscal decentralization are relatively robust to the definition of geographical disparities. Countries which are more geographically different tend to decentralize more. We find the stronger positive and fairly significant effects for the standard deviation and the Gini coefficient for the distribution of elevation and much weaker effects for the standard deviation and Gini coefficient for the distribution of climate zones. It is quite reasonable that disparities in elevation matter more than disparities in climate.
Conclusion
In this paper we re-examine in depth the effect of geography as a determinant of fiscal decentralization. Theoretically, we draw on the Arzaghi and Henderson (2002) and Panizzas (1999) models in order to motivate the main determinants of decentralization with a special interest in the role of geography. The theoretical model predicts that countries with higher geographic dissimilarities will be more decentralized. We use a rich dataset, and multiple econometric specifications to empirically examine the determinants of fiscal decentralization with special focus on geography. Empirically, we follow the mainstream of fiscal decentralization determinants and test the effect of development variables such as GDP, along with institutional and ethnic variables such as rule of law, corruption, political rights and ethno linguistic fractionalization.
Following Lora et al. (2003) and Hudson (1972) , we construct a geographical fragmentation index that aims to capture the probability that two individuals taken at random do not live in similar altitude zones. In the analysis we employ two different measures of fiscal decentralization, subnational expenditure as percentage of GDP and revenue as percentage of GDP.
Although our overarching results on the determinants of fiscal decentralization are similar to previous studies, we find a clear positive effect of geographical variables on fiscal decentralization.
Higher levels of geographical fragmentation are significantly associated with higher levels of fiscal decentralization, measured both on the expenditure and the revenue side. These results are quite robust to different econometric methodologies and also to different geographical measures.
The implications of this result are twofold: First, our results add to the existent body of literature on fiscal decentralization by considering a very important measure that aims to capture geographical differences. More importantly our findings add to the evidence that geography matters in a development process. Second, the strong correlation found between geographical variables and fiscal decentralization could be used for correcting endogeneity problems in future works, where fiscal decentralization is endogenous by using geographic fragmentation measures as an instrument of fiscal decentralization. However, the use of geography as an instrument for decentralization is limited to estimation approaches that do not require time variant variables. 
